Objective-Lefradafiban is the orally active prodrug of fradafiban, a glycoprotein IIb/IIIa receptor antagonist. The present phase II study aimed to determine the dose of lefradafiban that provides 80% blockade of the glycoprotein IIb/IIIa receptors by fradafiban, and to study the pharmacodynamics and safety of diVerent doses in patients with stable angina undergoing angioplasty. Design-A double blind, placebo controlled, dose finding study. Setting-Four academic and community hospitals in the Netherlands. Patients-64 patients with stable coronary artery disease undergoing elective percutaneous transluminal coronary angioplasty. Interventions-30 mg, 45 mg, and 60 mg of lefradafiban three times daily or placebo was given for 48 hours. Main outcome measures-The primary safety end point was the occurrence of bleeding, classified as major, minor, or insignificant according to the thrombolysis in myocardial infarction (TIMI) criteria. EYcacy indices included per cent fibrinogen receptor occupancy (FRO), ex vivo platelet aggregation, and plasma concentrations of fradafiban. Results-Administration of lefradafiban 30, 45, and 60 mg three times daily resulted in a dose dependent increase in median FRO levels of 71%, 85%, and 88%, respectively. Inhibition of platelet aggregation was closely related to FRO. There were no major bleeding events. The 60 mg lefradafiban group had a high (71%) incidence of minor and insignificant bleeding. The incidence of bleeding was 44% in the 30 mg and 45 mg groups, compared with 9% in placebo patients. Puncture site bleeding was the most common event. The odds of bleeding increased by 3% for every 1% increase in FRO. Conclusions-Lefradafiban is an eVective oral glycoprotein IIb/IIIa receptor blocker. The clinical eVectiveness of doses up to 45 mg three times daily should be investigated. (Heart 2001;85:444-450) 
Platelet adhesion, activation, and aggregation are pivotal events in the process leading to coronary thrombosis in patients with unstable coronary artery disease. 1 This process is also activated during percutaneous transluminal coronary angioplasty (PTCA) by local vascular injury, which exposes circulating platelets to various prothrombotic stimuli within the subendothelium. 2 3 The final common pathway to coronary thrombus formation involves aggregation of platelets through cross linkage of their glycoprotein (GP) IIb/IIIa receptors by the primary binding ligand fibrinogen. 4 Several inhibitors of the GP IIb/IIIa receptor have been developed. The monoclonal antibody c7E3 (abciximab) has been shown to reduce the incidence of death and myocardial infarction in patients undergoing PTCA, with or without stent deployment. [5] [6] [7] [8] Small molecules (eptifibatide, tirofiban) given intravenously also reduce complications associated with PTCA, although their eVects were of borderline significance. 9 10 These intravenous GP IIb/IIIa receptor blockers have also recently been shown to reduce the incidence of death, recurrent myocardial infarction, and recurrent ischaemia in patients with unstable angina or non-ST-segment elevation myocardial infarction. [11] [12] [13] The clinical use of monoclonal antibodies and small molecules as GP IIb/IIIa receptor blockers is limited to the treatment of acute episodes of unstable angina, or treatment during coronary procedures, as oral administration is not feasible. Lefradafiban (Boehringer Ingelheim, Germany) is an orally active prodrug which is metabolised in two steps to fradafiban, an intravenously active, non-peptide GP IIb/ IIIa receptor inhibitor. 14 In studies with healthy volunteers, both fradafiban and lefradafiban led to a reversible and dose dependent inhibition of platelet aggregation. 14 Our aim in this first phase II study was to determine the dose regimen of lefradafiban that provides 80% blockade of the platelet GP IIb/IIIa receptors by fradafiban, as well as to study the pharmacodynamics and safety of different doses in patients with stable coronary artery disease undergoing elective PTCA, in order to select the appropriate range of dose regimens for subsequent larger studies.
Methods

STUDY POPULATION
Patients aged between 18 and 80 years with stable coronary artery disease were eligible for enrolment if they were scheduled for elective PTCA. Patients were excluded if they suVered from unstable angina or if there was a total occlusion of the vessel to be treated. Other criteria for exclusion included myocardial infarction within the preceding 14 days; planned stent implantation; major surgery or trauma within the preceding six weeks; any history of cerebrovascular haemorrhage or haemorrhagic diathesis, cardiopulmonary resuscitation, or complicated puncture of a major vein or artery within the preceding six weeks; retinopathy grade 3 or greater; gastrointestinal or genitourinary bleeding within the preceding six weeks; peptic ulcer disease; platelet count < 100 × 10 9 /l; uncontrolled hypertension (systolic blood pressure > 200 mm Hg and/or diastolic blood pressure > 100 mm Hg); current treatment with oral anticoagulants or any antiplatelet agent other than acetylsalicylic acid, including any non-steroidal antiinflammatory agent; pregnant or nursing women or women not using medically approved means of contraception; known hepatic or renal insuYciency; or any other concomitant serious illness which would limit life expectancy or interfere with the study end points.
The study protocol was reviewed and approved by each hospital's institutional review board, and informed consent was obtained from each patient before participation in the trial.
STUDY DESIGN AND DOSE SELECTION
The initial protocol envisaged a dose escalation, starting with lefradafiban 60 mg three times daily or placebo, and increasing to 75 mg and 90 mg three times daily. Based on phase I data in healthy volunteers, the latter dose was expected to achieve fibrinogen receptor occupancy (FRO) levels of more than 80%.
14 However, after studies on the first group of 21 patients treated with lefradafiban 60 mg three times daily had been completed, it became apparent that this dose was associated with a high incidence of bleeding and with FRO levels of more than 80% (see Results). Therefore, the dose for the next group was reduced to 30 mg three times daily. After the safety of this regimen had been established, a third group was investigated receiving lefradafiban 45 mg three times daily or placebo.
Within each dose level, patients were randomised in a 4:1 ratio to receive lefradafiban or placebo in a double blind manner. The study drug was given as an oral solution three times a day for two days. It was not to be taken within two hours after or one hour before a meal. The first dose was given two hours before the start of the PTCA. An additional loading dose was given 3.5 hours after the first dose, while subsequent doses were given at eight hour intervals.
CONCOMITANT TREATMENT Before the start of the PTCA, all patients received an intravenous bolus of heparin of 5000 IU, as well as an intravenous bolus of 250 mg aspirin. During the procedure, heparin was repeated in boluses of 5000 IU after 30, 60 and, if necessary, 120 minutes. Aspirin was continued in a dose of 100 mg daily. The use of ticlopidine together with lefradafiban was excluded by the protocol because no interaction data were available at that time. Therefore, if stenting was performed, the study drug was discontinued and ticlopidine (250 mg once or twice a day) was initiated. Other drugs were continued as before randomisation and adjusted as required by the clinical status of the patient.
CLINICAL AND LABORATORY MONITORING
A coronary angiogram was performed immediately before and after PTCA. Coronary flow was classified according to the thrombolysis in myocardial infarction (TIMI) study classification by a central angiographic core laboratory (Cardialysis BV). 15 Sheaths were removed 4-6 hours after discontinuation of the heparin infusion and as close as possible to the next intake of study drug, assuming that the platelet inhibitory activity of fradafiban would be at its nadir. Patients underwent daily clinical assessment for the occurrence of bleeding complications and other adverse events as well as extensive laboratory evaluation for haematology, coagulation, and biochemistry. They returned for a follow up visit two weeks after hospital discharge, which was not to take place within 48 hours from first study drug administration.
Samples for determination of FRO and plasma concentrations of fradafiban were obtained at baseline and at 2, 4, 12, 24, 36, and 48 hours after the first dose of the study drug. Blood for determination of FRO was stored in a Monovette prefilled with ACD (trisodium citrate, citric acid, dextrose). Platelet rich plasma was prepared by centrifugation and mixed with labelled fradafiban. After incubation and centrifugation, the supernatant as well as the platelet pellet were counted for free ligand in a 4 ml scintillation cocktail. Nonspecific binding was determined in the presence of unlabelled fradafiban. The specific binding was calculated using corrections for spillover, extracellular space, and non-specific binding. The percentage of FRO was then calculated from the specific binding data, using corrections for receptor aYnity and dilution of ACD.
Blood for determination of plasma fradafiban concentrations was drawn into tubes with EDTA. Plasma was separated immediately by centrifugation and stored at −20°C until analysis. Plasma concentrations of fradafiban were measured using a validated high performance liquid chromatographic method with fluorescence detection. 14 The lower limit of quantification was 1 ng/ml.
Ex vivo platelet aggregation was assessed in a subgroup of 32 patients at baseline and at 2, 4, 24, and 48 hours after study drug initiation. Platelet aggregation was measured in citrated platelet rich plasma and recorded by a Chrono-log aggregometer during a 6-8 minute interval after induction by two agonists: 1 mmol/l ADP and 2 mg/ml collagen, respectively. Results are expressed as maximum per cent aggregation achieved in platelet rich plasma, using platelet poor plasma as reference of 100%.
Ivy bleeding times determined with standard techniques were obtained at baseline and at the end of the 48 hour treatment period. Measurement of bleeding times was discontinued at 15 minutes.
SAFETY AND EFFICACY INDICES
The primary safety end point in this trial was the occurrence of bleeding complications, classified as major, minor, or insignificant according to the criteria of the TIMI study group. 16 Major bleeding was defined as intracranial or bleeding associated with a decrease in haemoglobin of more than 3.1 mmol/l (5 g/dl) or a fall in haematocrit of more than 15%. Minor bleeding was defined as observed blood loss with a decrease in haemoglobin of 1.9-3.1 mmol/l (3.1-5.0 g/dl) or a fall in haematocrit of 10-15%. Spontaneous gross haematuria or haematemesis, as well as a decrease in haemoglobin of 2.5-3.1 mmol/l or a fall in haematocrit of 12-15% without an identifiable bleeding site, were also considered to indicate minor bleeding. Blood loss insuYcient to meet criteria for minor bleeding was classified as insignificant. Haemoglobin values were adjusted if patients received packed red blood cells or whole blood within 48 hours of the measurement. 17 The primary eYcacy variable was the FRO level in percentages, expressed as area under the curve normalised per hour. Secondary eYcacy variables included the ex vivo platelet aggregation and plasma concentrations of fradafiban.
STATISTICAL ANALYSIS
Descriptive analyses of angiographic, aggregation, and safety data are presented. The association of % FRO, expressed as area under the curve (AUC), with the first bleeding event was assessed using logistic regression analysis, the null hypothesis being that the risk of bleeding was not aVected by FRO levels. The AUC was calculated until the first bleeding, as well as over the whole treatment interval. The relation between bleeding and heparin administration as well as with the activated partial thromboplastin time (aPTT) AUC was investigated with logistic regression analysis in a similar way.
Results
Sixty four patients were enrolled: 16 received lefradafiban at a dose of 30 mg three times daily, 16 received 45 mg three times daily, 21 received 60 mg three times daily, and 11 received placebo. The majority (73%) of the patients were male (table 1). Their mean age was 61 years (range 39-79 years). A previous myocardial infarct was present in 15 patients (23%), while three (5%) had undergone coronary artery bypass surgery, and seven (11%) had had PTCA. All patients received the study drug and underwent PTCA as scheduled. The treated segments were in the right coronary artery in 14 patients (22%), in the circumflex coronary artery in 19 (30%), and in the left anterior descending coronary artery in 31 (48%). Coronary flow was normal (TIMI grade III) in 54 patients (84%). Following PTCA, TIMI grade III flow was achieved in all patients, except two in the placebo group (TIMI 0), both caused by dissection. A stent was placed in nine patients. In these patients, the study drug was discontinued and ticlopidine (250 mg once or twice a day) was begun.
PHARMACODYNAMICS AND INHIBITION OF PLATELET AGGREGATION
Plasma concentrations of fradafiban increased in a dose dependent manner in patients treated with lefradafiban. Geometric means of the maximum plasma concentration of fradafiban at steady state were 158, 314, and 394 ng/ml during treatment with lefradafiban 30, 45, and 60 mg three times daily, respectively (table 2). The pharmacokinetic profile of lefradafiban was predictable and no significant deviations from dose proportionality were observed.
There was a close correlation between the plasma concentrations of fradafiban and FRO (fig 1) . FRO increased in a dose dependent manner in patients treated with lefradafiban. Median FRO was 0% in the placebo group, 71% in the lefradafiban 30 mg group, 85% in the lefradafiban 45 mg group, and 88% in the lefradafiban 60 mg group (table 2) . Minimum, mean, and maximum FRO values were also dose dependent. Plasma fradafiban concentrations of 170 ng/ml were required to achieve 80% FRO (fig 1) . There was little variation in FRO within each patient (fig 2) , while the 1) . Ex vivo platelet aggregation was measured in 32 patients and decreased with higher FRO levels (fig 3) . In placebo patients, platelet aggregation was approximately 60% of normal. Inhibition of platelet aggregation to values below 20%, or greater than 80% inhibition, was observed in all patients with FRO values above 80%.
Bleeding times measured at 48 hours were in the normal range for all patients with FRO values below 70%, while prolonged bleeding times were observed in the majority of patients with higher FRO values (fig 4) .
ADVERSE EVENTS
Adverse events resulting in discontinuation of study drug treatment occurred in four patients: angina with cardiogenic shock in one (30 mg), leucopenia in one (30 mg), and bleeding in two other patients, both in the 45 mg group. No major bleeding events were reported. Minor and insignificant bleeding complications were frequent in the highest dose group (60 mg three times a day), in which 15 of 21 patients (71%) experienced such events (table 2) . There was one haematoma in the placebo group, while bleeding was reported in seven (44%) of 16 patients receiving lefradafiban 30 mg three times daily, as well as in seven (44%) of 16 patients receiving lefradafiban 45 mg three times daily (table 2). Arterial and venous puncture site bleeding was most *Mean maximum fradafiban plasma concentration at steady state (C max,ss ) with the relative coefficient of variation (%) in parentheses. †Relative coeYcient of variation (%) in parentheses.
All FRO values are expressed as area under the curve normalised per hour. Relative coeYcient of variation = 100 × (standard deviation/mean). group.bmj.com on June 23, 2017 -Published by http://heart.bmj.com/ Downloaded from common. All bleeding events occurred more than two hours after administration of the first dose.
Figure 1 Relation between the plasma concentration of the active drug fradafiban and the degree of fibrinogen receptor occupancy (FRO).
Figure 2 Degree of fibrinogen receptor occupancy (FRO) during oral administration of lefradafiban (A) 30 mg, (B) 45 mg, and (C) 60 mg three times daily. Each line represents data from an individual patient in one of the three lefradafiban groups during 48 hours of oral treatment. Each line is based on FRO data obtained at one of the prespecified sample time points (baseline and 2, 4, 12, 24, 36, and 48 hours after the study drug was started).
By logistic regression analysis, higher values of FRO were found to be significantly related to an increased incidence of bleeding. The odds of bleeding increased by a factor of 1.03 for every 1% increase in FRO (p < 0.01). The relation between bleeding and heparin administration, as well as with the aPTT AUC, was explored in a similar way. When heparin administration and aPTT AUC were restricted to observations before the bleeding event, the relation with bleeding was significant for heparin (p = 0.04) but failed to reach conventional significance for aPTT (p = 0.08).
A clinically relevant fall in blood leucocyte count (< 3.0 × 10 9 /l) was observed in three patients, two of whom were treated with lefradafiban 60 mg three times daily, and one with lefradafiban 30 mg three times daily. The lowest values were 0.9 × 10 9 /l (from 5.9 × 10 9 /l at baseline), 1.9 × 10 9 /l (from 4.7 × 10 9 /l), and 2.3 × 10 9 /l (from 7.4 × 10 9 /l), observed at 4, 24, and 48 hours after first study drug dose, respectively. After discontinuation of study drug, the leucocyte count in these patients returned to normal levels without additional measures within 2-5 days.
Median values for haematological variables at baseline were within normal limits in all treatment groups. There was a small decrease in haemoglobin and thrombocyte concentrations during the trial, which was comparable among all treatment groups. Median leucocyte count did not change. Serum concentrations of thromboplastin, thrombin, and fibrinogen were not aVected. Median concentrations of biochemical variables at baseline were within the normal range in all treatment groups and remained within these limits at 24 and 48 hours.
Discussion
Administration of lefradafiban, an oral prodrug of the GP IIb/IIIa receptor blocker fradafiban, resulted in rapid and eVective inhibition of platelet aggregation in patients with stable coronary artery disease undergoing elective PTCA. Doses of lefradafiban of 30, 45, and 60 mg three times daily caused a dose dependent increase in fradafiban plasma concentrations, an increase in FRO, and inhibition of platelet aggregation. With the three times daily dosing regimen, a stable FRO was achieved in each patient (fig 2) . The level of inhibition achieved in patients who also received aspirin and heparin was greater than observed in volunteers receiving lefradafiban without additional drug treatment. In the placebo group, platelet aggregation was already decreased to 60%. In the phase I studies, inhibition of platelet aggregation of more than 80% was achieved with lefradafiban doses of 90 mg three times daily. 14 In the present study, this was achieved with 45 mg three times daily. This suggests an interaction between the GP IIb/IIIa receptor blocker and aspirin.
As in other studies with GP IIb/IIIa receptor blockers, bleeding occurred frequently at these levels of platelet inhibition and was dose dependent. The incidence of bleeding complications in the lefradafiban 30 and 45 mg groups was similar to the rates observed in studies with other oral GP IIb/IIIa blockers at similar levels of platelet inhibition, 18 19 while even more bleeding occurred in the highest dose group (71%). In studies with sibrafiban and xemilofiban, a gradual increase in bleeding was observed for higher dose levels with a greater degree of platelet inhibition.
18 19 The results of the logistic regression analysis in the present study support these observations, with an increase in the risk of bleeding by 3% for every 1% increase in FRO. It should be appreciated that in the majority of cases the bleeding was insignificant, with a low incidence of minor bleeding complications (TIMI classification) and no major bleeding (table 2) . Furthermore, all patients received aspirin and heparin and underwent invasive coronary procedures. Interactions between the GP IIb/IIIa receptor blocker abciximab and heparin have been reported in previous studies. 5 6 As demonstrated in the EPILOG (evaluation of PTCA to improve long term outcome by c7E3 GP IIb/IIIa recptor blockade) and EPISTENT (evaluation of platelet GP IIb/IIIa inhibitor for stenting) studies, it is likely that a further reduction in the heparin dose in a weight adjusted manner might reduce bleeding complications in patients receiving lefradafiban without decreasing the clinical eYcacy. 7 8 Special care should be given to the access site of vascular sheaths. Sheaths should be removed early (4-6 hours) following the procedure, after the heparin has been stopped and the activated clotting time is 175 seconds or less. 7 Given the interpatient variability in the degree of platelet inhibition observed with oral GP IIb/IIIa receptor antagonists, another potential strategy for reducing bleeding complications during longer term treatment could be to monitor the degree of platelet inhibition achieved in individual patients by using a platelet function bedside assay and to titrate the dose to a target level of inhibition. 20 21 While a gradual dose dependent increase in bleeding was observed, as in studies with sibrafiban and xemilofiban, 18 19 the relation between bleeding time and per cent FRO in the present study suggests a threshold eVect. The bleeding time was not increased at FRO values of less than 70%, while a pronounced increase was observed at higher levels. It should be appreciated, however, that measurement of bleeding time does not reflect a tendency to spontaneous bleeding in clinical practice. In three patients receiving lefradafiban, a clinically significant fall in blood leucocyte count was observed, although the mean leucocyte count did not change in the overall population. Leucopenia from bone marrow depression has been reported for another antiplatelet agent (ticlopidine). 22 This, however, occurs mostly after 2-4 weeks of treatment. In the present study, leucopenia occurred immediately after the first dose or within two days. In all three patients, leucocytes returned rapidly in the peripheral blood after discontinuation of study drug. Leucopenia had not been observed in previous studies with lefradafiban in healthy volunteers and therefore was an unexpected finding in the present study. Following the observation of the leucopenia in the three patients, an amendment was made which increased the frequency of the haematological evaluations to monitor the safety of the patients and investigate the potential underlying pathophysiological mechanisms. However, no additional patients experienced this adverse event.
A recently presented second phase II study with lefradafiban in patients with acute coronary syndromes has confirmed the increased incidence of leucopenia, or rather neutropenia, associated with lefradafiban, and has provided some insight into the pathophysiological mechanisms involved. 23 In accordance with the present study, the decrease in neutrophils was characterised by early onset (immediately after first does of the study drug or within the next two days) and a rapid recovery after discontinuation of lefradafiban. Based on analysis of blood and bone marrow samples obtained in patients with neutropenia in that study, it was concluded that the observed neutropenia did not result from bone marrow depression but rather from a reversible redistribution of neutrophils by margination or clustering. More investigations are needed to clarify the precise mechanisms involved, as well as to determine the optimum duration of surveillance and the possible clinical associations.
The clinical benefit of treatment with GP IIb/IIIa receptor blockers in patients undergoing percutaneous intervention has been established by several studies using diVerent inhibitors. [5] [6] [7] [8] [9] [10] In the present limited series, all patients receiving lefradafiban had a successful PTCA without apparent thrombotic complications, while acute closure was observed during PTCA in one patient in the placebo group. Oral compounds such as lefradafiban oVer an opportunity for long term treatment with an eVective platelet aggregation inhibitor, which may enhance the early benefit of an intravenous agent and prevent subsequent thrombotic events in patients at risk.
Three recently presented large clinical trials have evaluated this concept of long term oral GP IIb/IIIa inhibition with xemilofiban in patients after percutaneous coronary intervention (evaluation of oral xemilofiban in controlling thrombotic events trial (EXCITE)) and with orbofiban and sibrafiban in patients after acute coronary syndromes (orbofiban in patients with unstable coronary syndromes trial (OPUS-TIMI-16), and sibrafiban versus aspirin to yield maximum protection from ischemic heart events post-acute coronary syndromes trial (SYMPHONY)). [24] [25] [26] None of the trials showed a clear treatment benefit of long term GP IIb/IIIa inhibition, while all three trials showed a trend towards an increased mortality in the GP IIb/IIIa inhibitor group. [24] [25] [26] In this respect, several points deserve consideration. First, the patient populations included in these trials were at relative low risk of recurrent thrombotic events. [24] [25] [26] Furthermore, the pharmacokinetic and pharmacodynamic profile of these agents is characterised by a steep dose-response relation and by a short half life relative to the dosing interval. 18 19 25 This may have caused widely fluctuating inhibition of platelet aggregation and allowed complete recovery of platelet function between doses in some patients, with exposure of activated GP IIb/IIIa receptors on the platelet's surface. 27 Additionally, recent studies have raised the possibility that platelet receptor antagonists may, at low concentrations, alter the steric conformation of the GP IIb/IIIa receptor sites and, paradoxically, enhance the thrombogenicity of these sites. 27 28 Compared with the other oral agents, the three times daily lefradafiban dosing regimen may result in higher average fradafiban concentrations with less peaktrough fluctuation and more stable levels of inhibition of platelet aggregation.
It is a challenge to exploit the potential beneficial antithrombotic eVect of oral GP IIb/IIIa inhibitors in balance with the associated risk of haemorrhage. Dose titration to a target degree of platelet inhibition, measured with a rapid platelet function assay, may improve the overall safety and eYcacy profile. 20 21 To increase the treatment benefit of (oral) GP IIb/IIIa blockers, one may choose to treat only patients who are at high risk of recurrent thrombotic complications, such as those who present with raised troponin concentrations and continue on medical treatment. These patients may gain particular benefit from a more aggressive long term therapeutic approach. 29 30 Lefradafiban in doses up to 45 mg three times daily achieved stable FRO values of more than 80% in patients with stable coronary artery disease undergoing elective PTCA, with acceptable safety during short term treatment. These doses may therefore be tested in further studies to assess whether long term treatment is indeed beneficial in patients with acute coronary syndromes at high risk of thrombotic complications, without an excess of bleeding complications.
